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K AKTIiyilAKK  KFFECTS  ON  ARCH  DAMS, 

hy.l.  P.  lialsam,  Weapons  Effects  Laboratory 

The  response  of  concrete  arch  dams  subjected  to 
earthquake  forces  is  extremely  complex.  The  complexities 
arise  due  to  the  nature  of  the  random  excitation,  the 
complex  structural  geometries,  and  the  interaction  of  the 
structure  with  the  reservoir  and  foundation.  In  order  to 
develop  better  design  procedures,  the  total  behavior  of  tlie 
structure  under  its  loading  environment  must  be  considered. 


Both  physical  models  and  three-dimensional  limte 
element  methods  arc  being  used  by  If  S.  Army  I iigineer 
Waterways  Experiment  Station  (WIiSi  engineers  to  siiuly 
the  response  of  the  North  Fork  Dam  to  vibiatory  and 
simulated  seismic-type  motions.  The  prototype  dam  is 
located  on  the  North  Fork  of  the  American  River,  ahoul 
5 miles  east  of  Auburn,  California.  It  is  a constant-angle 
arch  structure  with  a maximum  heiglit  of  155  ft  and  a 
crest  length  of  620  ft.  The  central  200  ft  of  the  crest  acts 
as  an  overflow  spillway  (fig.  I). 
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mvcstifialions  are  being  eondueted  widi  sell-prnpelled 
seale-ini)del  veliicles. 

At  preseiu.  tire  seale-inodel  vehicle  tied  (fig.  1) 
coiisisls  of  one  Hacked  vehicle  (ihe  MbO  tank)  and  three 
wlieeled  vehicles  (the  M5bl.  1-1'4-ton.  b\(i.  cargo  carrier; 
the  M.vSAI,  2-1,2-ton.  (>x().  cargo  truck;  and  the  articulated 
M.S 201-1,  X-ton.  4.\4.  cargo  carrier).  The  tracked  vehicle 
is  to  a scale  of  1:20  and  the  wheeled  vehicles  are  to  a 
scale  of  I;I5.  The  M(i0  tank  and  the  M.l.‘iA2  truck  have 
been  standard  equipment  in  the  Army  system  lor  iitaiiy 
years,  whereas  the  M520I-. I and  the  ,V15(il  are  relatively 
new  to  the  system  and  are  considered  high-niobihty 
vehicles.  The  vehicle  characteristics  of  the  models  are  scaled 
from  their  prototype  counterparts.  The  models  are 
radio-controlled  (fig.  2)  and  can  turn  in  either  direction, 
back  up  or  go  forward,  speed  up  or  slow  down,  and  change 
gears. 

['here  are  many  single  variables  or  combinations  ol 
variables  that  might  cause  a vehicle  to  become  immobili/ed. 
such  as  lack  of  traction,  and  si/e.  shape,  and  spacine  ol 
obstacles.  .Some  examples  .if  immobili/ations  that  might 


.'^C.M.K-MODKl,  VKHICLKS,  hy  C.  /„  (inrn. 
Miihiliiy  and  I'.mironnwntal  Systems  /.almruiory 

feirain  features  occur  in  many  sizes,  shapes,  and 
spaciiigs,  pri'ducing  innumerable  possible  combinations  of 
surface  conriguratton.  Their  effects  on  vehicle  perlormaiice 
lange  from  a simple  reduction  in  speed  necessitated  by 
vehicle  vibration  or  maneuvering  to  complete 
tmmobili/ation  caused  by  obstacle-vehicle  interlerence. 
Before  vehicle  iierforniance  can  be  evaluated  with  a 
reasimable  degree  of  accuracy,  a means  of  characteri/ing 
the  effects  of  surface  conriguration  must  be  developed. 
Previous  investigations  wtth  prototype  vehtcles  and 
constructed  obstacles  have  involved  much  work  and  high 
cost. 

At  the  U.  S.  Army  hngineer  Waterways  lixperinient 
Station  (WhS)  there  is  a new  "mini-look"  with  regard  to 
methods  foi  predicting  performance  of  vehicles  as  related 
to  surface  geometry  or  to  the  geometric  irregularities  of 
the  terrain  surface,  such  as  logs,  boulders,  steep  banks, 
ditches,  etc.  In  a study  under  way  at  WPS  these 
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Fig.  2.  Typical  scale-nuxlei  immohilizations 

iK-air  are  shown  in  tig.  2.  The  M60  tank  and  M520T1  cargo 
carrier  are  sliown  immobili/.ed  due  to  lack  of  traction;  the 
M25A2  cargo  truck  and  M561  cargo  carrier  are  shown 
iniinobili/ed  due  to  interference  between  the  vehicle  and 
the  surface  while  attempting  to  negotiate  a 
triangular-shaped  ditch  and  dike,  respectively.  The  main 
advantage  of  the  scale-model  study  is  that  it  provides  an 
economical  means  for  establishing  the  combinations  of 
vehicles,  obstacles,  and  traction  that  will  produce  vehicle 
immobilizations. 

To  date,  the  scale-model  vehicles  have  been  used  to 
determine  with  a higli  degree  of  accuracy  (a)  the  maximum 
size  and  sliape  of  concave  (ditch)  and  convex  (dike) 
obstacles  the  vehicles  can  negotiate  without  interference 
on  various  tractive  surfaces,  (b)  effects  of  spacing  of  several 
types  of  obstacles  on  obstacle  negotiability,  (c)  effects  of 
surface  traction  on  obstacle  negotiability,  and  (d)  the 
maximum  long  slope  (at  least  two  times  the  length  of  the 
vehicle)  the  vehicles  can  negotiate  for  various  traction 
conditions. 

Tliese  determinations  were  made  at  a fraction  of  the 
cost  that  would  have  been  involved  if  prototype  vehicles 


had  been  used.  J uture  tests  are  expected  to  yield  more 
information  on  other  problems  (such  as  maneuverability, 
powei  reiiuirements.  and  vehicle  design)  that  are 
encountered  in  vehicle  mobility. 
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Engineering  and  Scientific  Research  at  WES  is  published  by 
the  Waterways  Experiment  Station  (WES).  Vicksburg.  Mississippi, 
to  acquaint  U.  S.  (Jovernment  agencies  and  the  research  community 
in  general  with  the  many-faceted  types  of  engineering  and  scientific 
activities  currently  being  conducted  at  W1  S.  Inquiries  with  regard 
to  any  of  the  reported  s|>ecific  subjects  will  be  welcomed,  and 
should  be  addressed  to  respective  authors.  C.  S.  Army  Engineer 
Waterways  Experiment  Station.  P O.  Box  b31.  Vicksburg. 
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